Introduction
By 2015, there are about 415 millions people living with diabetes mellitus (DM) in the world. In the last three decades, the prevalence of type 2 DM has increased dramatically in developed countries [1] . Nowadays, the treatment of DM continues to be developed by using either single or combination drugs, however, the side effects can harm patient. This issue leads to more and more herbal medicine researches which continued to minimize the Objective: To examine the effect of combination of Andrographis paniculata herb fraction (AHF) and Centella asiatica herb fraction (CHF) on PPAR 毭 and GLUT4 mRNA expressions in 3T3-L1 adipocyte, and its effect on insulin-stimulated glucose uptake. Methods: 3T3-L1 adipocyte cells were used to investigate gene expression of PPAR 毭 and GLUT4 proteins by reverse transcription-polymerase chain reaction method. The adipocyte cells were differentiated by using insulin, dexamethasone and 3-isobutyl-1-methylxanthine from 3T3-L1 cells. Pioglitazone, AHF, CHF and the combination of both herbs were evaluated on glucose uptake activity, PPAR 毭 and GLUT4 mRNA expressions in 3T3-L1 adipocyte. Results: The results showed that combination of AHF at 30 μg/mL and CHF at 10 μg/mL could enhance insulin-stimulated glucose uptake. The combination also increased PPAR 毭 and GLUT4 mRNA expressions significantly in comparison to those of negative control (DMSO). These effects were equal in comparison to those of pioglitazone (0.02 μM) and its single extracts.
Conclusions:
The combination of AHF and CHF can increase glucose uptake and insulin sensitivity through up-regulation of PPAR 毭 and GLUT4 mRNA expressions in 3T3-L1 adipocyte.
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This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. side effects of drugs. One of the potential herbs to be developed is Andrographis paniculata (A. paniculata) (Burm. F) Nees. The herbs are widely found in Bangladesh, China, India, Pakistan, Philippines, Indonesia, Malaysia and Thailand [2] . Its main constituent, namely andrographolide, was reported to have the ability to reduce blood glucose levels significantly in type 2 diabetic mice induced with streptozotocin [3, 4] . Moreover, the flavonoid-enriched fraction of A.
paniculata was reported recently to possess its ability to increase GLUT-4 translocation in high fructose fat-fed rats [5] .
Another potential herb is Centella asiatica (C. asiatica) (L.) Urban which is mostly spreaded in Asia such as India, Sri Lanka, Indonesia, Malaysia and Vietnam [6] . It is reported that the ethanolic and methanolic extracts of C. asiatica leaves have their hypoglycemic effect on alloxan induced diabetic rats [7] . The individual effects of A. paniculata and C. asiatica have been studied that they can reduce blood glucose levels. However, there is no study of the combination of the two plants. It is unclear whether the combination of both fractionated extracts has synergistic effect in enhancing glucose uptake and insulin sensitivity mediated by peroxisome proliferatoractivated receptor-毭 (PPAR 毭 ) and glucose transporter 4 (GLUT4) expressions. Therefore, our study focused on the mechanism of the combination of fractionated extracts of A. paniculata and C. asiatica herbs in enhancing glucose uptake and increasing insulin sensitivity by up-regulation of PPAR 毭 and GLUT4 mRNA.
Materials and methods

Material
Pioglitazone was obtained from Sigma Chemical Co. (St.
Louis, MO, USA), whereas high glucose of Dulbecco's Modified Eagle's Medium (DMEM), bovine serum, fetal bovine serum, and Penicillin-Streptomycin (P/S) were purchased from Gibco 
Preparation of fractionated extract of A. paniculata herbs
The herbs of A. paniculata were collected during April 2017 from Kulonprogo, Special Region of Yogyakarta, Indonesia. The herbs were then dried, powdered and stored in an airtight container.
Preparation of fractionated extract was based on the previous method with slight modification [8] . Briefly, the powder of A. paniculata was extracted with 95% (v/v) ethanol overnight using maceration method. After two times of re-extractions, collected extract was evaporated under reduced pressure to provide a viscous extract. The viscous ethanolic extract was fractionated with n-hexane and the insoluble fraction was further fractionated with ethyl acetate. The last fraction was named as a fractionated extract of A. paniculata herb (AHF).
Five microliters of AHF was applied on a precoated silica gel aluminium plate 60F 254 (20 cm 伊 10 cm; E. Merck, Germany).
Chloroform:methanol (9:1) was used as mobile phase. Densitometric scanning was performed triplicate on Camag TLC Scanner 3 at wave length of 230 nm. The andrographolide content was calculated by using calibration curve.
Preparation of fractionated extract of C. asiatica herbs
Collection of C. asiatica herbs was done during April 2017 in Wonosari, Special Region of Yogyakarta, Indonesia. The herbs were then dried, powdered and stored in an airtight container. Preparation of fractionated extract of C. asiatica was similar to that of A. paniculata herb. However, fractionation step with ethyl acetate was not performed, only using n-hexane. The n-hexane-insoluble fraction was named as a fractionated extract of C. asiatica herb (CHF).
Briefly, five microliters of CHF were applied on a precoated silica gel aluminium plate 60F 254 (20 cm 伊 10 cm; E. Merck, Germany).
The mobile phase consisted of n-butanol: acetic acid: water (3:1:1).
To visualize the spots, the plates were sprayed with the LiebermanBurchard reagent and heated for 10 min at 110 曟 . Densitometric scanning was perfomed triplicate on Camag TLC Scanner 3 at wave length mode of 575 nm, operated by CATS software (V1.2.6, Camag). The asiaticoside content was calculated by using calibration curve.
Extracts administration on cells
AHF and CHF were dissolved in DMSO. Subsequent variations of concentrations of the extracts were provided for the treated cells.
Cells culture
3T3-L1 fibroblast cells were procured from American Type Culture Collection (Manassas, VA). 3T3-L1 fibroblast cells were cultured in high glucose DMEM supplemented with 10% bovine serum, 1% penicillin/streptomycin and incubated at 37 曟 in a condition of humidified atmosphere of 5% CO 2 . Cells were then subcultured every 2-3 days at confluency of approximately 90%.
Adipocyte cells differentiation
Differentiation of 3T3-L1 fibroblast to adipocytes in 100 mm culture dishes was performed according to the previous method described by Tjandrawinata et al [9] . Briefly, 3T3-L1 fibroblast cells post 90% confluence, were differentiated via incubation in a medium of high glucose DMEM supplemented with 10% fetal bovine serum, 0.25 μM dexamethasone, 0.25 mM 3-isobutyl-1-methylxanthine and 1 μg/mL insulin, at about 5 伊 10 4 cells/mL in dish for 3 d. On day 3, the medium was changed to a new high glucose DMEM supplemented with 10% fetal bovine serum and 1 μg/mL insulin.
Thereafter, cells were maintained by changing the medium every 2-3 days gently. Cell differentiation was visually observed using microscope. The determination of the conditions of cells that have been differentiated was when the cell showed lipid droplets with larger cell size in comparison to that of 3T3-L1 pre-adipocytes.
Oil red O staining of 3T3-L1 cells
Accumulation of lipids that occurs in differentiated adipocytes can be evaluated by staining neutral fats using the dye oil red O.
Adipocytes were fixed in 10% formalin for 1 h or longer. The cells were washed with 60% isopropanol, and the wells were kept until complete dry. The cells were then incubated with oil red O for 10 min. Subsequently, the cells were washed with double distilled H 2 O and lipid droplets were visually observed with microscope. The coloured lipid was quantified by adding isopropanol on the cell and measured at 500 nm.
Induction of insulin resistance
To establish an insulin resistance, adipocyte cells were treated with high level of glucose and insulin for 10 d or more in DMEM medium containing 10% of fetal bovine serum. Incubation was conditioned at 37 曟 , 5% of CO 2 and 95% of humidity. Cell medium was replaced every two to three days. Determination of insulin resistance conditions was done by measurement of glucose uptake and GLUT4 expression.
2.9. Analysis of PPAR 毭 and GLUT4 mRNA expressions Gene expression analysis was carried out at mRNA level. Polymerase chain reaction (PCR) was performed to amplify the specific gene by using primer olignucleotide which is designed with Primer 3 software as described previously [9] . Gene sequences are derived from genes baseline data. The genes involved in insulin signal transduction (shown in Table 1 Table 1 Primers used to amplify region of interest in PCR.
Primer
Forward sequence Reverse sequence PPAR 毭 TTCTCAAGGGTGCCAGTTTC AATCCTTGGCCCTCTGAGAT GLUT4 ACTCTTGCCACACAGGCTCT AATGGAGACTGATGCGCTCT 毬 -actin TGAGCTGCGTTTTACACCCT GAGGGACTTCCTGTAACCACT Abbreviations: PCR, polymerase chain reaction; PPAR 毭 , peroxisome proliferator-activated receptor gamma; GLUT4, glucose transporter 4.
Test of glucose uptake activity in vitro
Glucose uptake assay method was performed according to previous method [8] . Glucose uptake assay was performed on both normal and pre-treated adipocyte cells with insulin resistance. Measurement of glucose level was done by calculating the reaction of glucose with antrons in concentrated sulfuric acid. The cells were washed with PBS three times. The cells were incubated in DMEM medium containing 300 μg/mL glucose, with or without 100 nM insulin at 37 曟 for 180 min. Subsequently, the cells were then treated with pioglitazone (0.02 μM), AHF, CHF, combination of both fractionated extracts. Combination of fractionated extracts to be tested was one having the biggest effect on PPAR 毭 and GLUT4 expression. During the incubation, the cell would uptake glucose. By determining the glucose level in the medium, the levels of intracelluler glucose were calculated [9] .
Statistical analysis
Statistical analyses were performed by using IBM SPSS Statistic for Macintosh version 24, while Shapira Wilk was used to check normality of data. Three independent groups were compared by Kruskal-Waliis and two independent groups were compared by Mann-Whitney with significant levels at P<0.05.
Results
Determination of andrographolide and asiaticoside contents in AHF and CHF
The levels of andrographolide contained in the AHF and asiaticoside contained in the CHF were determined by TLCdensitometer using the standard curve equation. In the study, the levels of andrografolide in AHF and asiaticoside in CHF were 17.41% and 11.34%, respectively. 
Expression of PPAR 毭 during the differentiation of 3T3-L1 adipocytes
Effects of AHF and CHF combination on PPAR 毭 and GLUT4 expression in insulin-resistant adipocytes
In this study, we evaluated the effect of AHF and CHF combination administered on insulin resistant 3T3-L1 adipocyte cells. Expressions of PPAR 毭 and GLUT4 mRNA level showed up-regulation after cells were exposed with pioglitazone (0.02 μM), AHF (30 μg/ mL), CHF (10 μg/mL), and the combination of both in comparison to control (Figure 2) . Moreover, AHF and CHF combination at (30 + 10) μg/mL exhibited higher effect than those of its single fractionated extracts and other concentrations of combinations, so this combination was further used in the determination of glucose uptake.
In PPAR 毭 gene expression assay, there was an increase of regulation at the mRNA level after treatment of substances. In the GLUT4 gene expression assay, there was an up-regulation at the mRNA level of the cell after treatment with the substances.
Administration of pioglitazone (0.02 μM) showed 1.29 fold increase compared with that of control. The treatment of 30 μg/mL of AHF and 10 μg/mL of CHF exhibited 1.20 fold and 1.17 fold increase respectively in comparison to that of control. The treatment of combination of AHF and CHF at the concentrations of (30 + 10) μg/mL, (15 + 5) μg/mL, (10 + 10) μg/mL increased the gene expression respectively by 1.41, 1.31 and 1.14 fold. Statistical analysis with Kruskal-Wallis test followed by Mann-Whitney test showed that the effects of treated groups were significant different (P<0.05) compared with control ( Figure 2 ). The combination of AHF and CHF at (30 + 10) μg/mL showed the biggest effect, so this combination was used as a sample to be tested on glucose uptake study.
Effect on glucose uptake in insulin resistant adipose
In the study, the determination of intracelluler glucose uptake was performed to evaluate the effect of substances as well as 
Discussion
The present study provided information that may be useful to support the exploration of medicinal plants. This effort has an important role for the discovery and development of drugs. The exploration of medicinal plant involved pharmacological test, toxicological test, formulation, phytochemical study, isolation of active compounds etc. To improve the pharmacological activities, some traditional medicine can be combined with other substances [10, 11] . Nowadays, the exploration of medicinal plants for the development of antihypertensive, anti-allergy, anticancer and antidiabetic drugs either as a single agent or a combination is increasing [12] .
In the study, AHF and CHF were combined and could increase glucose uptake and insulin sensitivity through up-regulation of PPAR 毭 and GLUT4 mRNA levels. The aim of gradual fractionation process in an extract was to provide a high level of active compoundcontaining extract. In this study, we focused on fractionated extracts of A. paniculata and C. asiatica herbs. Combination of these fractionated extracts indicated antidiabetes that was performed using an in vitro model, a cell culture of insulin resistance, with the aim to optimize the need for screening and determine its effectiveness. This study was performed based on the fact that extracts of these plants were widely used as a medicinal plant, but had lack of scientific evidence regarding to its efficacy.
A. paniculata is a herb that has been empirically used for curing diabetes, dysentery, fever, malaria, inflammation, cancer and as immunostimulant. This plant contains an active compound namely andrographolide. Extract of A. paniculata and andrograholide exhibited hypoglycemic and hypolipidemic effects in diabetic type 2 DM-resistant insulin induced with fructose fat diet [8] , while C. asiatica inhibited glucose uptake by impairing disaccharides and 毩 -amylase and by binding of glucose fiber. It can also lower low-density lipoprotein and cholesterol levels, and increase high-density lipoprotein [13] .
Thiazolidinediones are a insulin-sensitizing drug. Pioglitazone and rosiglitazone are two widely used drugs in type 2 DM. PPAR 毭 is the molecular target for thiazolidinedione class of antidiabetic drugs. They can increase insulin sensitivity and glucose tolerance. Thiazolidinediones decrease insulin resistance by action as an agonist of PPAR 毭 , a nuclear hormone receptor. PPAR 毭 activation regulates transcription of several genes that are responsible for insulin, in turn can improve the insulin sensitivity in adipocytes tissue, liver and skeletal muscle [14] .
Possible mechanisms that cause insulin resistance are reduction mechanism of regulation (lowering amount of insulin), deficiency or genetic polymorphisms of phosphorylation tyrosine insulin receptor, IRS or PI3K protein, decreasing translocation of GLUT4 or abnormality function of GLUT4. Decrease of glucose oxidation can cause alteration on glucose uptake, which cannot enter into the cell, subsequently causing hyperglycemia [15] . Insulin resistance is one indication of type 2 DM. Cells occur insulin resistance if there is a significant alteration on genes involved in insulin signal transduction, and one important gene is glucose transporter GLUT4. Expression of GLUT4 will be down-regulated in insulin-resistant cells.
By this study, we can evaluate the antidiabetic mechanisms of A.
paniculata and C. asiatica combination by using adipocyte 3T3-L1 cells. We show that the combination of these two purified extracts can improve glucose uptake and insulin sensitivity by up-regulation of PPAR 毭 and GLUT4 mRNA levels.
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